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2HEALTH BEHAVIOUR CONVERGENCE: EVIDENCE FROM
FRACTIONAL (LONG MEMORY) CONVERGENCE AND BRITISH
MICRODATA
This paper makes use of a fractional (long memory methodological approach to assess the
presence of convergence in terms of differences in health quality measures,  based on six
primary  criteria,  across  the  English  regions.  To  this  end,  it  makes  use  of  the  English
Longitudinal  Study  of  Ageing  database  and  the  retrospective  interviews  from  16,894
participants, aged 50+, with data coming from three waves - 2004/5, 2006/7 and 2008/9, to
find that health quality is characterized by the absence of convergence across all six health
quality  criteria.  However,  when  the  overall  sample  is  differentiated  through  income,
education and employment status categories, the robustness evidence favours the presence of
convergence,  indicating  that  certain  socioeconomic  factors  impose  a  kind  of  uniform
behavioural attitude of the population towards certain health quality criteria. 
Keywords:  Convergence;  health  behaviour;  fractional-long  memory  methodology;
survey data; England
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1 INTRODUCTION 
Economic  convergence  is  primarily  related  to  the  reduction  of  inequality  across
countries, states, sectors or regions. In an aggregate production function setting, two
different  theories  have  been  developed  that  reach  different  predictions  on  real
convergence. The first is the neoclassical growth theory, introduced by Solow (1956)
and  extended  by  Mankiw  et  al. (1992),  according  to  which per  capita  income
converges to its steady-state mainly through the association between social increasing
returns and both physical and human capital (Barro, 1991; Barro and Sala-i-Martin,
1992).  The second is  the  endogenous growth theory,  developed by Romer  (1986,
1990),  Lucas  (1988)  and  Rebelo  (1991).  This  strand  of  theory  asserts  that
convergence depends on the growth rates of the accumulation of labour, capital and/or
technological  innovation.  On  the  empirical  front,  research  has  shown  that  cross-
country  differences  in  economic  performance  are  driven  by  both  total  factor
3productivity  (TFP)  and  factor  accumulation  (Hall  and  Jones,  1999;  Easterly  and
Levine, 2001). 
Galor  and  Tsiddon  (1997)  argue  that  ‘human  capital’  is  considered  a
significant  driver  for  the  achievement  of  economic  convergence.  This  variable,
however, is substantially affected by the health status of the population. The current
literature  handles  this  issue  in  a  rather  indirect  way  (Barro,  1997).  Introducing
explicitly  health-risk  factors  is  expected  to  significantly  stress  the  mechanisms
through which the process of economic convergence is determined.  Moreover, the
health-led growth hypothesis states that health is considered a proxy of capital; thus,
as an input of production it is expected to lead to income increases. At the same time,
in  many  countries,  the  concept  of  health  quality becomes  increasingly  important,
especially for economic growth issues. The role of such quality issues in the process
of economic growth is easily understood, since a healthier population acts as a by-
product of total factor productivity; a healthier population can work longer, can be
more productive, can secure higher earnings, can have higher learning abilities and, in
general, can enhance the efficiency of the economy’s human capital (Schultz, 1999). 
The objective  of this  paper is  to  empirically  explore convergence  of  health
quality measures, as they are defined by certain health indicators across  the British regions.
The principal form of health care is the tax-financed national health services systems.
However,  fundamental  form of funding is  weakening.  Countries,  such as the UK,
have opened up their national health care system to internal competition to diversify
supply and increase purchasing power. Health care expenses in the UK have been
substantially increased reaching 8.2 per cent of GDP and equivalent to seven times
more in real terms (in 2015 figures), with predictions arguing that over the next 50
years, the country is expected to be spending nearly one-fifth of its entire wealth on
the  public  provision  of  health  and  social  care.  Such  substantial  spending  could
consume around half of all government revenues and, despite allowing an increase in
the real level of spending, would reduce the proportion of government spending in
non-health and social care areas from around 80 per cent in 2016 to around 50 per
cent by 2061. Moreover, as spending rises, diminishing returns are likely to set in, and
at some point the additional cost could exceed either the additional health benefit, or
the benefits to be had from spending on non-health and social care services. All this
implies that there are important political and social choices to be made about how
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These  choices  are  not  easy  and  will  inevitably  involve  trade-offs,  implying  that
specific budget constraints would make it unsustainable in the longer run.
Additionally,  the  above  dramatic  increases  in  health  expenses  in  the  UK,
however, have led to very little improvements in the differences in health outcomes
across UK regions. The presence of such health inequalities lead to frustrated citizens
and  constitute  a  source  of  tension  between  regions.  The  issue  of  equity  between
regions  and thus  between  citizens  is  often  raised  and has  become a  political  and
electoral concern, and a territorial bone of contention or a real geopolitical issue for
the  UK  (Judge  and  Bauld,  2006).  According  to  Census  (2011)  figures,  health
indicators show the classic image of a North-South divide that splits England in two.
The  census  figures  clearly  show  deep  regional  disparities.  In  particular,  they
document that the population of the cities and former industrial  areas of Northern
England are being in worse health than those in the rural and peri-urban area around
London. In general, the population’s state of health is worse in the North than in the
South. A number of studies have addressed these inequalities, their persistence over
relatively  long periods,  and  their  more  recent  exacerbation  (Thomas  et  al.,  2010;
Hacking et al., 2011). These inequalities seem to arise from multiple and extremely
complex  structural  problems  that  are  very  difficult  to  address.  Therefore,  to  get
quantitative information on whether convergence or divergence patterns dominate the
UK national  health  system will  provide  certain  stories  of  success  in  fighting  any
divergence across UK regions, which will manage to reduce geographical disparities
in health, and, more broadly, social inequalities.
Furthermore, an important, albeit  undeveloped, area of theoretical discourse
pertains to the relative contributions of agency and structure in determining health
lifestyles.  The  term  health  lifestyle  or  behaviour  (i.e.,  health-related
lifestyle/behaviour)  means  any  behaviour  that  may  affect  an  individual’s  physical
health. In theoretical terms, health behaviour may be influenced by an extended number
of  biological,  psychological,  and  social  factors;  however,  we  can  specify  only  a
limited subset of cognitive determinants that are assumed to be most proximal to that
behaviour  (Emmons,  2000;  Hox,  2002).  In  addition,  a  distinction  can  be  made
between  positive  and  negative  health  behaviour.  For  instance,  by  positive  health
behaviour we mean when the individual takes regular exercise, goes for annual health
5checks, eats at least five portions of fruit and vegetables a day, and uses a condom
with  a  new sexual  partner.  By contrast,  by  negative  health  behaviour  we include
activities, such as smoking, drinking heavily, driving too fast, and eating a diet high in
saturated fat. According to Grossman (1972) and Cutler and Glaeser (2005), health
behaviour  is  considered as intertemporal  decisions  associated  with investments,  in
which  individuals  forgo  current  pleasure  for  improvements  in  future  well-being.
Based on these theoretical arguments, health behaviour tends to differ across people,
while  over  time  these  individuals  experience  sudden  changes  (i.e.,  shocks)  in
relevance to their discount rates, incomes or beliefs about the future, leading them to
change their health behaviour. It is the presence of those sudden changes (breaks) that
lead us to employ the methodological approach of fractional convergence to explore
health behaviour convergence across the British regions. Ellis and Fry (2010) explore
inequalities among 18 health indicators across the British regions and in this manner
their  work  provides  an  up-to-date  picture  of  regional  health  inequalities  and
determines how such indicators behave across these regions. Their statistical evidence
illustrates  that  the  northern  regions  generally  do  less  well  than  the  midlands  and
London,  while  the  best  performing regions  are  the  East  of  England and southern
regions.  Such  evidence  corroborates  similar  findings  from other  health  inequality
publications, such as the Association of Public Health Observatories (APHO) Health
Profiles (2009).
Therefore, the novelties of this paper stem not only from the fact that, to the
best  of  our  knowledge,  this  is  the  first  attempt  to  empirically  assess  convergence
issues in certain health measures in Britain, but also from the implementation of the
new  methodology  of  panel  convergence  testing,  recommended  by  Stengos  and
Yazgan (2014a,b) and Stengos et al. (2014). This particular methodological approach
has the comparative advantage that considers the presence of potential breaks in the
relationships  under investigation,  while  it  does not explicitly  rely on a benchmark
country/region to analyse the long memory behaviour of the convergence hypothesis.
The  investigation  of  the  convergence  hypothesis  is  based  on  a  methodological
approach  that  underlines  (long-memory)  processes  and  determines  the  speed  of
convergence of health quality across different health measurement criteria, while all
previous  studies  in  the  relevant  literature  have  been  relying  on  the  univariate
estimation  of  the  long-memory  process,  without  taking  into  account  possible
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Overall, the previous empirical findings in convergence not only have focused either
on examining the relationship between health and income convergence, while they
have used very general indicators, such as mortality and life expectancy, but also have
reached mixed conclusions about the presence of convergence or divergence, which
may be partly  explained either  by the use of methodologies  that do not allow for
interdependence among the persistence parameter or by the employment of overall
health  indicators.  This  justifies  the  usefulness  of  multivariate  long  memory
methodologies  to  deal  with  the  issue  of  convergence  since  they  utilize  more
information  than  their  univariate  counterparts,  while  the  employment  of  specific
health  indicators  will  also  illustrate  a  very  clear  picture  on  the  combined  role  of
national.and regional health policies to establish a convergent or homogeneous health
system  environment  across  different  British  regions  that  suffer  from  significant
economic and other social inequalities (Monastiriotis, 2006; Belfield et al., 2014).
As mentioned above, the findings  are expected to  have high importance in
relation to the designing of efficient health sector policies, while they will be the basis
for more realistic policy recommendations that could be put forward, in an effort to
eliminate certain differences in the  U.K. In addition, the picture emerging from the
empirical findings could call for increasing the share of public health expenses, since
the under-funding of certain  areas could dictate a severe signalling for poverty and
income inequality issues. We do hope that the empirical results of this study will lay
out an agenda for future empirical research and policy analysis that will enable health
policy makers to efficiently design strategic policies in both the insurance and the
health systems to efficiently  play the important  role they are likely to have in the
country’s potential future health sectoral reforms.
The remaining of the paper is organized as follows: Section 2 discusses the
related literature,  while Section 3 outlines the methodology followed in this work.
Section  4  details  the  data  used  and  Section  5  provides  empirical  results  of  the
investigation.  Section  6  provides  the  discussion  and  policy  implications  of  the
empirical findings, while Section 7 concludes.
2 LITERATURE REVIEW
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economic growth focus on either OECD or the developed countries (Blomqvist and
Carter, 1997; Hartwig, 2008). A certain strand of the empirical literature identifies the
presence of  a  strong causal association running from health expenses to economic
growth. In particular, Bloom et al. (2004) show that health expenses have a positive
and statistically significant effect on per capita economic growth, while the vice versa
also holds, implying that higher levels of growth can stimulate higher health expenses,
since they permit economies to afford a better health care. The same results are also
supported by Bhargava et al. (2001) who provide conducive evidence that the causal
relationship running from health expenses to economic growth is stronger. 
In the strand of the literature dealing with health convergence, life expectancy
and mortality are the two primary proxy variables suggested as valid measures for the
quality of life. In a cross-country study, Preston (1975) provides evidence in favor of
the fact that changes in the longevity–income profile represents gains of 15 years in
life expectancy. Barro (1991) finds that life expectancy is a key predictor of economic
growth, while Pritchett and Summers (1996) corroborate this finding by illustrating
that countries with higher incomes enjoy greater health. Becker et al. (2003) examine
whether there is a positive correlation between longevity and income per capita, They
show that convergence exists with longevity, but not with income, while Glei et al.
(2010) find that there is no sigma convergence for life expectancy at older ages in
high-income countries. By contrast, Clark (2011) does not find beta convergence, but
rather the fact that improvements in life expectancy have been greater for developing
countries,  while  Eggleston  and  Fuchs  (2012)  reach  similar  conclusions  for
industrialized countries, with most gains in life expectancy being occurred in adult
mortality.  In  terms  of  mortality,  Edwards  and  Tuljapurkar  (2005)  investigate
differences in the age pattern of mortality across countries and show that there is no
sigma convergence  in  mortality  in  industrialized  countries,  while  Edwards  (2011)
finds that reductions in infant mortality are greater in high-income countries. Finally,
d’Albis et al. (2012) do not find (beta and sigma) convergence across countries when
they consider all industrialized countries. Within the same strand, the literature has
also emphasized the role of health expenses convergence. However, within-country
convergence  of the health  status  has  rarely  been investigated.  Gächter  and Theurl
(2011) investigate the relationship between initial levels of the health status and its
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mortality rates from 2,381 Austrian communities as an indicator for the health status,
their  work analyses the convergence/divergence of overall  mortality  for the whole
population, as well as specific parts of the population. The empirical findings point
out the presence of a strong and significant absolute and conditional beta-convergence
over time. Apergis and Padhi (2013)  explore convergence of real per capita output
and health expenses across the Indian States. Their empirical findings suggest that
these States form distinct convergent clubs, exhibiting considerable heterogeneity in
the health expenses factors. In a recent paper, Maynou et al. (2015) through a panel
setting analyse the speed of (beta) convergence of mortality and life expectancy at
birth across EU countries. By allowing the convergence rate to vary and controlling
for spatial  correlations  across regions,  they document the presence of weak (beta)
convergence across regions, though they also identify differences in the catching-up
process across both time and regions. Overall, their findings highlight no reduction,
on average, in dispersion levels, thus, making their study to be the first that shows a
lack of convergence in health across EU regions.
In another strand of the relevant literature, researchers focus on larger samples
that include not only developed but also emerging economies.  In particular,  Barro
(1997), Weil (2001) and Barro and Sala-i-Martin (2004) examine the link between
economic growth and a number of factors, in which health plays a predominant role,
for a large sample of countries. Their findings document that health expenses have a
positive  and  statistically  significant  effect  on  the  growth  rate  across all  countries
included  in  their  sample.  Gyimah-Brempong  and  Wislon  (2004)  also  provide
evidence that virtually 30% of the growth rate of per capita income in sub-Saharan
African  countries  can  be  easily  attributed  to  health  expenses.  At  the  same  time,
Strauss and Thomas (1998) highlight that there exists a reverse causality running from
income to health expenses. Samudram et al. (2009) and Tang (2009) investigate the
association  under  study for the case of Malaysia;  their  empirical  findings  provide
support for the impact of health expenses on economic growth. Cole and Neumayer
(2006) show that poor health leads to lower total factor productivity and this is the
critical driver that has led certain regions across the globe to be underdeveloped and
in a bad shape. Finally, a different group of studies use the methodology of panel data
to provide empirical evidence about the role of health  in the process of economic
9growth  (Gerdtham  and  Lothgren,  2000;  Wang  and  Rettenmaier,  2007;  Hartwig,
2008). 
Overall,  the  earlier  literature  does  not  give  conclusive  results  for  clear
evidence in favour of health quality convergence, probably because of the deficiencies
of methodological approaches used and/or the employment of variables that have little
variation  in  the  short  run.  Significant  changes  are  needed  in  social,  health  and
demographic factors to provoke sufficient variation in mortality and life expectancy,
which can occur through a long-run approach {Sen 1998).
3 METHODOLOGY
Let  us  assume  that  the  univariate  pair-wise  difference  between  the  log  of  health
quality index (HQ) of regions i and j at time t is defined as:
HQit − HQjt = β(t) + Zt, where Zt ∼ I(d), i = 1, ..., N, i ≠ j, and t = 1, ..., T           (1)
The process Zt is described as (1 − L)dZt = εt, with L being the lag operator and εt is
the  error  term.  The  fractional  integration  parameter  is  given  by  d  under  the
assumption  that  the  process  is  invertible  (d  >  −0.5).  The  β(t)  function  is  a
deterministic function of the time trend t and can be linear as β(t) = β0 + β1t, or as in
Stengos and Yazgan (2014a) it can be defined in a way that admits structural breaks:
β(t) = β0 + β1 sin(2πkt/T) + β2 cos(2πkt/T) (2)
The above functional  form allows  for  the  presence  of  (smooth)  structural  breaks,
while  different  values  of  k  are  expected  to  have  different  implications  for  the
permanent or transitory nature of the breaks. If k is an integer, then this will result in
temporary  breaks,  whereas  fractional  frequencies  imply  permanent  breaks  as  the
function do not complete  a full  oscillation.  This specification for structural  breaks
does not require any prior knowledge on the dates those breaks occur. By contrast, it
assumes that breaks happen smoothly instead of abruptly, something that would make
their detection more difficult.   
Following  Stengos  and  Yazgan  (2014a,b),  we  can  distinguish  between
different  convergence  cases  that  are  implied  by  different  values  of  d.  The
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methodology follows that approach that  allows for a  much richer  classification of
convergence  types,  whereby  one  can  distinguish  between  rapid  convergence,
stationary convergence and mean reverting non-stationary convergence, where initial
differences either linger on and have a long-lasting influence in the present or decay
rapidly and play no role or be somewhere in between these two cases. As in Stengos
and Yazgan (2014a,b), the analysis will concentrate on the estimated values of d and
provide  tests  of  convergence  based  on  these  estimates.  In  terms  of  testing  for
convergence, the analysis is based on standard univariate estimation approaches that
were used by Stengos and Yazgan (2014b). Based on the estimates of the ds (either
multivariate or univariate), the analysis performs the following tests:
Test 1: H0: d = 0 (rapid convergence against long memory). This is the case of short
memory; there is a ‘fast catching-up’ process.
Test 2: H0: 0 < d < 0.5. This is the case of a long memory process, but still stationary
process; there is a smooth decay in the catching-up process. In other words, this is the
case where we spend a long time on a transition path towards a common long-run
trend.  (‘limit’  stationary  long  memory  against  stationary  or  non-stationary  mean
reverting convergence)
Test 3: H0: 0.5 < d < 1 (unit root against a mean reverting process). This is the case of
a long memory process, which is non-stationary but still mean reverting. In that case
the process is characterized by high persistence.
Test 4:  H0:  d ≥ 1 (unit  root against  stochastic  divergence).  This is the case of an
explosive  process  where  there  is  a  strong  magnification  effect  and  any  initial
difference is not expected to be reversed in the future.
To compare the convergence properties of health indicators (across regions),
the analysis estimates the fractional differencing parameter d for each indicator and
for  each  region  pair  in  our  sample.  It  follows  Stengos  and  Yazgan  (2014a,b)  to
estimate d utilizing a variety of different Whittle estimators that are valid under non-
stationarity.  Let  Iz(ωj)  denote  the  periodogram  of  our  series  based  on  a  discrete
Fourier transform Wz(ωj) at frequency ωj = 2πj/T for j = 0, ..., T−1, such that Iz(ωj) =
WZ(ωj)W∗z(ωj) with W∗z(ωj) being the complex conjugate of Wz(ωj) defined as:
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                             T
Wz(ωj) = 1/√2πT |Σzteitωj|2
                                        t=1
The discrete Fourier transform Wz(ωj) can be used to define a Whittle estimator of d
obtained by minimizing the objective function below with respect to d:
WH(G,d) = 1/υ Σ[lnGωj-2d) + Iz(ωj) ωj2d/G],  G ∈ (0,∞)
where υ is the number of frequencies used in the estimation. The most well known
Whittle  estimator  that  is  valid  under  non-stationarity  is  the  Exact  Local  Whittle
(ELW) estimator of Shimotsu and Phillips (2005, 2006). Shimotsu (2010) indicates
that  the  ELW  estimator  has  some  undesirable  properties.  He  modifies  the  ELW
objective function to derive the Two Stage Feasible Exact Local Whittle (2FELW)
estimator and shows that this new Whittle estimator does not inherit these undesirable
characteristics  of  the  ELW.  Another  alternative  Whittle  estimator  valid  for  non-
stationarity  is  the fully  extended local  Whittle  estimator  (FELW) of  Abadir  et  al.
(2007). These Whittle estimators are consistent and produce the same N(0, 1/4) limit
distribution for a wide range of values of d, especially in the non-stationary region.
All these estimators/statistics are distributed as standard normal under each null, while
these new estimators permit direct estimation of the memory parameter, as well as
testing whether d<0.5, 0.5≤d<1 or d≥1 without any previous transformation.
4 DATA
The investigation of health behaviour convergence requires data on health behaviours.
To this end, the English Longitudinal Study of Ageing (ELSA) and the retrospective
interviews have provided the required data for the empirical analysis. In particular,
ELSA  is  a  longitudinal  dataset  on  the  health,  socio-economic  status  and  social
relations of British individuals aged 50+, and consists of three waves - 2004/5, 2006/7
and 2008/9, covering all nine English regions (i.e., North East, North West, Yorkshire
and the Humber,  East Midlands,  West Midlands, East  of England, London, South
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East,  South  West).  The  total  number  of  respondents  (based  on a  homogeneously
numbered sample from the three waves) from each wave came up to 16,894.
The analysis includes individuals who appear in all three waves. The factors
that have used to determine health behaviour are all on the negative health behaviour
side  and  include  the  following  six  health  measures,  measured  on  a  binary  basis:
current  smoking  (i.e.,  1=yes  with  more  than  20  cigarettes  per  day,  0=no);  heavy
drinking (i.e.,  three  or  more  drinks  per  day-because  of  the  anticipated  J-shape  of
alcohol  consumption  on  health,  the  analysis  focuses  on  the  highest  category  of
drinking and the variable takes the value 1 if the respondent drinks three or more
drinks per day of beer, wine, spirits, or mixed drinks, and 0 otherwise); being obese
(i.e., 1=with the body mass index being over 30, and 0 otherwise); using hypertension
medication (i.e., 1=yes and 0=no); lack of exercise time (i.e., 1=with more than 30
minutes  of  any  type  of  exercise  per  day  and  0=no),  and,  having  a  check-up
examination at least one per year (1=yes and 0=no). 
Moreover, for the purposes of a number of robustness checks, we also obtain
data on a number of socioeconomic and demographic characteristics, such as: gross
income (i.e.,  £0-£29,999, £30,000-£99,999 and £100,000-above); employment status
(i.e., 1=employed, 0=unemployed/retired); and education (i.e., 0=elementary school,
1=high  school,  2=university  graduate).  Table  1  presents  a  number  of  descriptive
statistics for all  health  quality indicators across the British regions. The results, in
terms of the mean metric, illustrate a clear picture against the Northern regions. More
specifically,  the  descriptive  statistics  show  that  across  all  health  indicators  the
southern  regions  perform better,  while  a  similar  picture  is  emerging  in  terms  of
income and the two demographic metrics.
[Insert Table 1 about here]
5 EMPIRICAL ANALYSIS
5.1 Total Sample
Following Pesaran (2007), we explore health behaviour convergence across 16,894
individuals  by  applying  the  tests  discussed  above  (each  corresponding  to  a
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convergence  classification)  to  all  possible  pairs  of  health  behaviour  (between
individual  i  and  individual  j).  In  other  words,  we  examine  all  N x  (N  −  1)/2  =
142,695,171 health behaviours. Under the null hypothesis of each of the above tests,
the  analysis  expects  the  fraction  of  health  behaviour  pairs  for  which  the  null
hypothesis is rejected to be close to the size of the test applied to the individual health
behaviour pairs. 
Table 2 reports the rejection frequencies for the overall baseline sample that
greatly exceed a size of 0.05, a fact providing evidence against the null. By contrast,
rejection frequencies that are below this size value are taken as evidence in favor of
the null. The tests are applied in a sense that the analysis continues to apply them until
it finds evidence in favour of some type of convergence, if there is any. Overall, the
findings in Table 2 illustrate the rejection frequencies of the tests defined above at the
5% significance level based on critical values computed for T = 500 (Stengos, 2014).  
As shown in Table  2,  the  test  results  in  relevance  to  Test  1  report  strong
rejection of the null hypothesis of rapid convergence against the alternative of long
memory.  The  evidence  from  Test  2  recommends  findings  in  favour  of  the  null
hypothesis of limit stationary long memory process. In terms of Test 3, the provided
evidence  indicates  the acceptance  of the null  hypothesis  of  ‘limit’  stationary  long
memory process and, therefore, they indicate non-convergence. Finally, the figures in
relevance to Test 4 denote evidence in accepting the null hypothesis, which implies
again non-convergence.
Overall,  the  evidence  from  the  multivariate  test  points  towards  non-
convergence and absence of mean reverting convergence. The results remain robust
across all six criteria set that determine the quality of the health status (i.e., current
smoking, heavy drinking, hypertension medication, lack of exercise time and check-
up examination). Next, we further analyse the evidence found above by exploring the
possibility of club formation.
[Insert Table 2 about here]
5.2 The Role of the Income Factor
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The evolution of health disparities by socioeconomic criteria over the life cycle has
been studied by scholars from a variety of disciplines (Lynch, 2003; House et al.,
2005; Herd, 2006; Mirowsky and Ross, 2008). In this part of the empirical analysis
we add to the existing literature on the convergence issue in assessing the role of
income for the convergence process of health behaviour.
Table 3 repeats the above empirical analysis,  but this  time we differentiate
across income groups, that is [£0-£29,999], [£30,000-£99,999] and [£100,000-above].
The new empirical findings indicate that for the first two income groups and across all
six criteria defining health quality, the test results in relevance to Test 1 document
strong rejection of the null hypothesis of rapid convergence. The evidence from Test 2
illustrates results  in favour of the null  hypothesis  of limit  stationary long memory
process, while with respect to Test 3, the provided evidence highlights the acceptance
of  the  null  hypothesis  of  ‘limit’  stationary  long  memory  process  (i.e.,  non-
convergence). Finally, the findings from Test 4 display evidence in accepting the null
hypothesis of non-convergence. 
By contrast, when it comes to the third income group, i.e. £100,000 and above,
there  are  two  criteria,  those  related  to  the  lack  of  exercise  time  and  check-up
examination,  which  recommend  convergence,  with  these  results  remaining  robust
across  all  four  tests.  These  findings  point  out  that  this  particular  income  group
displays a homogeneous behavioural pattern with respect to these criteria and across
all nine English regions. In addition, the findings illustrate that the health of those
with high incomes deteriorates similarly with respect to certain qualitative criteria.
[Insert Table 3 about here]
5.3 The Role of the Education Factor
The  next  set  of  robustness  checks  repeats  the  empirical  analysis  of  fractional
convergence by taking into account the educational level differentiation. In particular,
this  part  of  the  empirical  analysis  considers  three  educational  levels:  elementary
school graduates, high school graduates and college graduates. The results reported in
Table 4, illustrate that with respect to the first two educational categories, all tests
15
recommend the absence of convergence across the English regions, with the results
remaining consistently robust across all six health quality criteria. 
By  contrast,  when  it  comes  to  the  third  educational  category,  i.e.  college
graduates, there is a number of health quality criteria where the analysis recommends
the presence of convergence. In particular, the test figures in Table 4 indicate that in
the  cases  of  the  obesity  factor,  the  lack  of  exercise  factor  and  the  check-up
examination factor, the findings indicate convergence across the English regions and
across  all  four  convergence  tests,  indicating  again  the  presence  of  similar  health
behavioural patterns among college graduates in a uniform manner.
[Insert Table 4 about here]
5.4 The Role of the Employment Status
In the final set of robustness checks, the empirical analysis of fractional convergence
taking  into  consideration  the  employment  status  of  the  survey  participants.  In
particular,  this  part  of  the  empirical  analysis  considers  two  employment  status
categories: employed and unemployed/retired. The results are reported in Table 5 and
they indicate  that  with respect  to the employed category,  all  tests  recommend the
absence  of  convergence  across  the  English  regions,  with  the  results  remaining
consistently robust across all six health quality criteria. 
By contrast, when it comes to the category of unemployed/retired participants,
all tests across all six health quality criteria recommends the presence of convergence
across  the  English  regions.  These  findings  indicate  that  certain  factors,  i.e.  stress
factors,  related  to  the  case  where  a  participant  is  either  unemployed  or  retiree,
contribute to a similar health behavioural pattern.
[Insert Table 5 about here]
6 DISCUSSION AND POLICY IMPLICATIONS
Our results  could  potentially  emphasize  the  presence  of  a  group of  people  across
certain  English  regions  without  any replacement  or  back-up income who are  still
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working, which could have significant consequences for their health. In other words,
the findings point out a divide in health experiences across the British regions. The
policy implications of such results are rather very serious. In particular, the presence
of a non-convergence better through various health indicators signifies the need for
policy makers to further emphasize such health inequalities  and to take a holistic,
rather  than  a  local  by  local  case,  view  of  responses  to  such  divergent  patterns
particularly through upstream policies (i.e., addressing factors such as regulating the
availability and marketing of health-related services) in a manner that addresses the
dispersion of the related health indicators across the British regions. Such dispersion
not only contributes to divergence, but also to serious health inequalities. Therefore,
an improved public health objective would allow heath authorities to offer enhanced
opportunities  for  health  inequalities  to  be  addressed  in  an  efficient  way that  will
eventually reduce or eliminate those inequalities.
Furthermore, the results also necessitate the presence of interventional policies
with  respect  to  certain  health  quality  indicators,  such  as  the  one  associated  with
alcohol consumption issue. More specifically, the policies promoted by the alcohol
industry in the Great Britain involve voluntary, educational approaches which are not
only less effective overall, but also likely to contribute to health divergence patterns.
In  addition,  there  is  support  from the  side  of  regional  and national  public  health
authorities  to  develop  a  better  understanding  of  the  actors,  ideas  and  institutions
affecting the policies that impact on health, particularly in terms of the influence of
business  interests  that  profit  from unhealthy  behaviours.  Public  health  authorities
usually  focus  far  more  on  tobacco  industry  efforts  to  influence  policy,  than  they
explore the impact of alcohol or other commercial interests and there has been very
little  consideration  of  how  these  interests  impact  on  health  divergence  patterns.
Moreover, determined action to address health divergence across the British regions
requires public, as well as political will, implying that more attention is paid to public
and media understandings of these health issues and to public preferences for different
policy  proposals,  which  requires  stronger  effective  policies  in  fighting  those
divergences.  After  all,  effective  intervention  policies  across  the  spectrum  of  the
explored  health  quality  indicators  have  more  than  effective  outcomes  in  terms  of
divergence  patterns,  it  has  a  direct  influence  on  the  funding  and  cost  pricing  of
medical and social support, which is very likely to be desirable in terms of public
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budget objectives. Finally, the health-based growth model indicates that the presence
of any health divergent patterns is very likely to lead to an overall economic divergent
behaviour,  indicating  the  need  of  more  generic  economic  interventional  policies,
covering the whole spectrum of the economy.
Future research endeavours could undertake similar research across countries,
given that regional health data, largely because a lot of the employed indicators are
based  on  sample  surveys,  make  use  of  small  regional  samples.  Moreover,  future
research needs to investigate further the different experiences across regional areas to
find  out  which  differences  in  institutions  versus  demographics  matter  (as  those
explored here, i.e. education, employment status). Finally, it would be of high interest
to examine whether differential income mobility across regions is related to changes
in household composition due to migration of income earning members.
7 CONCLUSION
This study used a long memory framework which allows for the presence of structural
breaks to estimate the convergence properties of health quality measures across the
nine  English  regions.  Making  use  of  the  English  Longitudinal  Study  of  Ageing
database  and the retrospective  interviews from 16,894 participants,  aged 50+, and
with  data  coming  from  three  waves  -  2004/5,  2006/7  and  2008/9,  the  results
documented the presence of a long memory process, while a number of robustness
checks, related to the roles of income, education and employment status, highlighted
that for specific health quality criteria, the evidence is in favour of the presence of
convergence,  indicating  that  certain  socioeconomic  factors  contribute  to  uniform
patterns from the population with respect to health attitudes. The paper managed to
consider  convergence  issues  under  the  likelihood  of  structural  impacts  on  health
lifestyle  choices.  Its  findings  suggested  that  socioeconomic  conditions,  such  as
income, education and employment status may make the divergence-converge pattern
observed more applicable in the case of the British regions. 
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Mean 0.77 0.63 0.49 0.45 0.43 0.42 0.29 0.38 0.35
SD 0.61 0.69 0.55 0.52 0.48 0.45 0.41 0.44 0.39
Heavy
drinking
Mean 0.81 0.72 0.65 0.69 0.73 0.67 0.63 0.53 0.51
SD 0.66 0.58 0.69 0.58 0.68 0.52 0.49 0.58 0.54
Obesity Mean 0.65 0.46 0.53 0.51 0.80 0.59 0.54 0.48 0.37SD 0.68 0.62 0.59 0.66 0.54 0.59 0.58 0.67 0.58
Hypertension
medication
Mean 0.53 0.50 0.48 0.51 0.48 0.45 0.42 0.40 0.42
SD 0.57 0.53 0.61 0.56 0.62 0.54 0.57 0.51 0.38
Lack of
exercise time
Mean 0.35 0.33 0.36 0.38 0.37 0.42 0.48 0.46 0.49
SD 0.47 0.44 0.45 0.46 0.50 0.55 0.37 0.52 0.55
Check-up
examination
Mean 0.28 0.29 0.27 0.32 0.30 0.38 0.49 0.46 0.50
SD 0.41 0.44 0.39 0.39 0.36 0.45 0.53 0.58 0.47
Disposable
income in £s
Mean 32062 58851 55176 57437 68890 85853 141243 137689 74592
SD 148.72 139.64 152.68 183.49 173.24 161.29 239.74 195.66 201.96
Min 19562 24893 23844 28321 41238 45683 62398 88752 40391
Max 43804 84396 72340 72309 88915 105439 179063 171084 94380
Education
Mean 0.35 1.32 1.39 1.44 1.41 1.48 1.56 1.52 1.54
SD 2.79 3.11 2.94 3.36 3.27 3.16 2.97 3.03 3.12
Min 1.01 0.88 1.08 1.09 1.06 1.12 1.20 1.24 1.25
Max 1.58 1.47 1.62 1.64 1.57 1.63 1.71 1.64 1.62
Employment
Status
Mean 0.38 0.36 0.39 0.40 0.38 0.45 0.57 0.53 0.55
SD 0.53 0.57 0.55 0.51 0.56 0.60 0.72 0.66 0.69
Source: English Longitudinal Study of Ageing (ELSA).
TABLE 2 
REJECTION FREQUENCIES: OVERALL RESULTS
Estimator
s
Test 1 Test 2 Test 3 Test 4




































































































Notes:  FELW:  Fully  Extended  Local  Whittle,  2FELW:2-Stage
Feasible Exact Local Whittle  estimator,  2FELWd: 2-Stage Feasible
Exact  Local  Whittle  estimator  with  detrending,  FELWd:  Fully
Extended Local Whittle with detrending; MLW: Multivariate Local
Whittle Estimator. Simulations are carried out by assuming υ=T0.6 for
all Whittle estimators. ***: p≤0.01.  
Source: Own estimations
TABLE 3 
REJECTION FREQUENCIES: THE ROLE OF INCOME
Income:£0-£29,999 Income:£30,000-£99,999
Estimators Test 1 Test 2 Test 3 Test 4 Estimators Test 1 Test 2 Test 3 Test 4
Currently smoking
FELW 2.547*** -3.015 0.505 -2.162
Currently smoking
FELW 2.679*** -3.039 0.581 -2.194
FELWd 2.548*** -3.015 0.504 -2.161 FELWd 2.678*** -3.037 0.583 -2.191
2FELW 2.548*** -3.014 0.505 -2.162 2FELW 2.678*** -3.036 0.581 -2.192
2FELWd 2.547*** -3.015 0.505 -2.163 2FELWd 2.677*** -3.035 0.581 -2.194
MLW 2.540*** -3.012 0.492 -2.157 MLW 2.668*** -3.027 0.563 -2.185
Heavy drinking
FELW 2.526*** -3.016 0.501 -2.147
Heavy drinking
FELW 2.572*** -3.027 0.538 -2.165
FELWd 2.525*** -3.015 0.498 -2.144 FELWd 2.575*** -3.026 0.538 -2.164
2FELW 2.526*** -3.014 0.502 -2.145 2FELW 2.574*** -3.024 0.539 -2.165
2FELWd 2.524*** -3.016 0.504 -2.144 2FELWd 2.574*** -3.026 0.538 -2.164
MLW 2.518*** -3.012 0.490 -2.138 MLW 2.560*** -3.020 0.520 -2.153
Obesity
FELW 2.466*** -3.022 0.439 -2.132
Obesity
FELW 2.482*** -3.030 0.484 -2.189
FELWd 2.466*** -3.022 0.439 -2.131 FELWd 2.481*** -3.032 0.485 -2.191
2FELW 2.464*** -3.021 0.438 -2.129 2FELW 2.482*** -3.031 0.484 -2.191
2FELWd 2.465*** -3.023 0.439 -2.132 2FELWd 2.480*** -3.032 0.485 -2.189
MLW 2.467*** -3.017 0.429 -2.125 MLW 2.468*** -3.025 0.466 -2.172
Hyperextension 
medication
FELW 2.573*** -3.035 0.572 -2.180
Hyperextension 
medication
FELW 2.611*** -3.042 0.584 -2.211
FELWd 2.577*** -3.037 0.570 -2.182 FELWd 2.607*** -3.043 0.582 -2.212
2FELW 2.575*** -3.036 0.572 -2.183 2FELW 2.605*** -3.046 0.582 -2.210
2FELWd 2.576*** -3.037 0.571 -2.181 2FELWd 2.606*** -3.042 0.581 -2.211
MLW 2.572*** -3.023 0.563 -2.175 MLW 2.588*** -3.038 0.570 -2.298
Lack of exercise time FELW 2.614*** -3.040 0.594 -2.192 Lack of exercise time FELW 2.648*** -3.036 0.619 -2.210
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FELWd 2.613*** -3.043 0.598 -2.196 FELWd 2.646*** -3.034 0.618 -2.209
2FELW 2.614*** -3.046 0.599 -2.193 2FELW 2.645*** -3.036 0.619 -2.210
2FELWd 2.614*** -3.045 0.597 -2.195 2FELWd 2.648*** -3.035 0.698 -2.208
MLW 2.602*** -3.038 0.586 -2.188 MLW 2.631*** -3.026 0.682 -2.197
Check-up examination
FELW 2.739*** -3.039 0.709 -2.240
Check-up examination
FELW 2.752*** -3.031 0.728 -2.254
FELWd 2.736*** -3.038 0.708 -2.238 FELWd 2.751*** -3.032 0.728 -2.255
2FELW 2.740*** -3.039 0.709 -2.239 2FELW 2.750*** -3.033 0.727 -2.254
2FELWd 2.738*** -3.038 0.708 -2.240 2FELWd 2.751*** -3.032 0.728 -2.254
MLW 2.729*** -3.032 0.693 -2.231 MLW 2.739*** -3.024 0.712 -2.243
TABLE 3 CONTINUED
Income: £100,000-above
Estimators Test 1 Test 2 Test 3 Test 4
Currently smoking
FELW 2.625*** -3.033 0.581 -2.177
FELWd 2.624*** -3.032 0.583 -2.175
2FELW 2.624*** -3.031 0.581 -2.176
2FELWd 2.623*** -3.032 0.581 -2.175
MLW 2.617*** -3.025 0.569 -2.167
Heavy drinking
FELW 2.529*** -3.024 0.538 -2.158
FELWd 2.527*** -3.023 0.538 -2.156
2FELW 2.526*** -3.023 0.539 -2.155
2FELWd 2.527*** -3.023 0.539 -2.155
MLW 2.519*** -3.015 0.520 -2.146
Obesity
FELW 2.435*** -3.036 0.484 -2.164
FELWd 2.434*** -3.035 0.485 -2.162
2FELW 2.435*** -3.033 0.484 -2.161
2FELWd 2.433*** -3.034 0.484 -2.161
MLW 2.424*** -3.025 0.466 -2.150
Hyperextension 
medication
FELW 2.642*** -3.048 0.584 -2.225
FELWd 2.641*** -3.047 0.582 -2.222
2FELW 2.640*** -3.047 0.582 -2.221
2FELWd 2.641*** -3.044 0.581 -2.221
MLW 2.630*** -3.034 0.570 -2.212
Lack of exercise time
FELW 1.609 0.062*** 2.619*** 1.239***
FELWd 1.608 0.060*** 2.618*** 1.238***
2FELW 1.607 0.061*** 2.619*** 1.237***
2FELWd 1.608 0.060*** 2.698*** 1.238***
MLW 1.602 0.053*** 2.682*** 1.224***
Check-up examination
FELW 1.723 0.040*** 2.728*** 1.246***
FELWd 1.721 0.038*** 2.728*** 1.245***
2FELW 1.722 0.039*** 2.727*** 1.244***
2FELWd 1.711   0.039*** 2.728*** 1.244***
MLW 1.714 0.028*** 2.712*** 1.235***




REJECTION FREQUENCIES: THE ROLE OF EDUCATION
Elementary school High school
Estimators Test 1 Test 2 Test 3 Test 4 Estimators Test 1 Test 2 Test 3 Test 4
Currently smoking
FELW 2.463*** -3.128 0.563 -2.231
Currently smoking
FELW 2.725*** -2.393 0.614 -2.424
FELWd 2.461*** -3.125 0.561 -2.228 FELWd 2.724*** -2.391 0.613 -2.422
2FELW 2.462*** -3.123 0.560 -2.230 2FELW 2.723*** -2.390 0.611 -2.422
2FELWd 2.461*** -3.125 0.562 -2.230 2FELWd 2.725*** -2.393 0.611 -2.424
MLW 2.451*** -3.114 0.550 -2.223 MLW 2.711*** -2.378 0.594 -2.415
Heavy drinking
FELW 2.611*** -3.037 0.578 -2.160
Heavy drinking
FELW 2.713*** -3.115 0.825 -2.236
FELWd 2.608*** -3.034 0.578 -2.158 FELWd 2.712*** -3.114 0.822 -2.234
2FELW 2.610*** -3.034 0.577 -2.157 2FELW 2.712*** -3.114 0.823 -2.235
2FELWd 2.610*** -3.036 0.576 -2.157 2FELWd 2.711*** -3.115 0.821 -2.234
MLW 2.601*** -3.024 0.566 -2.146 MLW 2.694*** -3.103 0.809 -2.225
Obesity
FELW 2.609*** -3.114 0.458 -2.204
Obesity
FELW 2.209*** -3.094 0.459 -2.219
FELWd 2.607*** -3.112 0.457 -2.203 FELWd 2.207*** -3.092 0.457 -2.217
2FELW 2.605*** -3.110 0.458 -2.202 2FELW 2.208*** -3.090 0.454 -2.215
2FELWd 2.605*** -3.110 0.458 -2.202 2FELWd 2.207*** -3.092 0.455 -2.216
MLW 2.692*** -3.102 0.447 -2.194 MLW 2.198*** -3.077 0.442 -2.205
Hyperextension 
medication
FELW 2.316*** -3.058 0.594 -2.209
Hyperextension 
medication
FELW 2.547*** -3.026 0.549 -2.141
FELWd 2.314*** -3.057 0.592 -2.208 FELWd 2.547*** -3.024 0.546 -2.140
2FELW 2.315*** -3.057 0.592 -2.207 2FELW 2.545*** -3.023 0.547 -2.140
2FELWd 2.316*** -3.056 0.593 -2.206 2FELWd 2.546*** -3.023 0.547 -2.141
MLW 2.307*** -3.042 0.579 -2.192 MLW 2.533*** -3.014 0.530 -2.130
Lack of exercise time
FELW 2.478*** -3.015 0.552 -2.140
Lack of exercise time
FELW 2.815*** -3.067 0.680 -2.116
FELWd 2.476*** -3.013 0.550 -2.138 FELWd 2.823*** -3.064 0.678 -2.114
28
2FELW 2.474*** -3.014 0.551 -2.137 2FELW 2.815*** -3.066 0.679 -2.115
2FELWd 2.475*** -3.014 0.551 -2.135 2FELWd 2.815*** -3.065 0.678 -2.114
MLW 2.463*** -3.002 0.543 -2.124 MLW 2.798*** -3.054 0.663 -2.102
Check-up examination
FELW 2.611*** -3.058 0.714 -2.196
Check-up examination
FELW 2.563*** -3.109 0.772 -2.511
FELWd 2.609*** -3.058 0.712 -2.195 FELWd 2.561*** -3.106 0.770 -2.508
2FELW 2.610*** -3.056 0.710 -2.195 2FELW 2.560*** -3.107 0.771 -2.509
2FELWd 2.611*** -3.058 0.710 -2.196 2FELWd 2.561*** -3.106 0.770 -2.507
MLW 2.596*** -3.043 0.702 -2.185 MLW 2.550*** -3.095 0.757 -2.495
TABLE 4 CONTINUED
College graduates
Estimators Test 1 Test 2 Test 3 Test 4
Currently smoking
FELW 2.552*** -3.426 0.833 -2.308
FELWd 2.549*** -3.424 0.831 -2.305
2FELW 2.549*** -3.421 0.831 -2.306
2FELWd 2.550*** -3.422 0.829 -2.305
MLW 2.537*** -3.414 0.812 -2.389
Heavy drinking
FELW 2.248*** -3.116 0.580 -2.114
FELWd 2.247*** -3.113 0.577 -2.112
2FELW 2.246*** -3.113 0.579 -2.110
2FELWd 2.247*** -3.112 0.579 -2.113
MLW 2.236*** -3.104 0.561 -2.105
Obesity
FELW 0.417 0.062*** 2.438*** -1.447***
FELWd 0.414 0.060*** 2.436*** -1.445***
2FELW 0.415 0.061*** 2.434*** -1.446***
2FELWd 0.413 0.059*** 2.435*** -1.446***
MLW 0.405 0.050*** 2.422*** -1.435***
Hyperextension 
medication
FELW 2.427*** -3.021 0.542 -2.514
FELWd 2.424*** -3.019 0.540 -2.512
2FELW 2.425*** -3.019 0.542 -2.513
2FELWd 2.425*** -3.018 0.541 -2.513
MLW 2.414*** -3.007 0.529 -2.496
Lack of exercise time
FELW 0.932 0.029*** 0.943*** -1.314***
FELWd 0.929 0.025*** 0.940*** -1.313***
2FELW 0.930 0.022*** 0.942*** -1.312***
2FELWd 0.929 0.024*** 0.941*** -1.313***
MLW 0.918 0.018*** 0.930*** -1.295***
Check-up examination
FELW 0.738 0.036*** 0.811*** -1.260***
FELWd 0.736 0.035*** 0.810*** -1.257***
2FELW 0.735 0.034*** 0.809*** -1.256***
2FELWd 0.735   0.035*** 0.808*** -1.255***
MLW 0.723 0.027*** 0.790*** -1.247***




REJECTION FREQUENCIES: THE ROLE OF THE EMPLOYMENT STATUS
Employed Unemployed/Retired
Estimators Test 1 Test 2 Test 3 Test 4 Estimator
s
Test 1 Test 2 Test 3 Test 4
Currently smoking
FELW 2.336*** -3.094 0.716 -2.147
Currently smoking





















FELW 2.492*** -3.116 0.764 -2.338
Heavy drinking





















FELW 2.912*** -3.257 0.825 -2.472
Obesity






















FELW 2.653*** -3.135 0.918 -2.326 Hyperextension 
medication





















Lack of exercise time
FELW 2.705*** -3.126 0.773 -2.315
Lack of exercise 
time





















FELW 2.548*** -3.109 0.760 -2.365
Check-up 
examination




















Note: Similar to those in Table 2. 
Source: Own estimations
